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ABSTRACT 


The  main  objective  of  this  program  is  to  develop  a  self-modulated 
forward-wave  crossed-field  amplifier  at  C-band  with  higher  peak  and 
average  power  capability  than  has  been  realized  in  the  past.  Tube  perfor¬ 
mance  objectives  are  2  mW  peak,  20  kW  average,  50  microseconds  pulse 
duration  in  C-band  with  10%  instantaneous  bandwidth.  During  this  report 
period,  design  approaches  for  a  large,  directly  liquid-cooled  anode  circuit 
were  examined,  and  develooment  of  the  SSHL  circuit  was  initiated.  Sample 
vane  assemblies  for  the  initial  operating  model  were  successfully  fabricated 
and  preliminary  cold  test  data  were  obtained. 
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1.0  INTRODUCTION 


This  crossed-field  amplifier  development  program  is  authorized  by 
RADC  contract  No.  F30602-68-C-0291.  The  new  CFA  will  bear  the 
Raytheon  designation  QKS1567.  The  prime  objective  of  this  program  is 
to  achieve  CFA  operation  at  a  power  output  level  of  2  MW  peak  power, 

20  kW  average  power  at  50  microseconds  pulse  duration.  Such  an  amplifier 
will  provide  considerably  higher  performance  capability  than  has  been 
realized  in  the  past.  The  tube  is  also  to  be  developed  to  provide  self¬ 
modulation,  that  is,  full  keying  of  the  tube  current  on  and  off  by  the  rf 
drive  signaj.  alone,  with  dc  operating  voltage  continuously  applied.  The 
tube  will  be  designed  to  operate  at  C-band  over  a  500  MHz  band  with  10  to 
13  dB  minimum  gain  at  a  single  value  of  dc  voltage. 

Breadboard  QKS1 567  operating  models  will  be  built  incorporating 
a  version  of  the  stub-supported  helix  line  (SSHL)  anode  structure  developed 
previously  by  Raytheon  during  an  independent  development  project  in  1967. 
Cold  test  studies  were  performed  on  the  stub-supported  meander  line 
(SSML)  and  the  stub-supported  helix  line  (SSHL)  during  the  first  quarterly 
period.  It  was  determined  that  the  SSHL  could  more  readily  be  designed 
for  a  significantly  larger  circuit  height  dimension  (Ha)  than  the  SSML 
and  a  decision  was  made  to  proceed  with  SSHL  development  for  the 
QKS1567  anode. 

Several  secondary  emitter  materials  have  demonstrated  the  capability 
of  providing  the  necessary  peak  current  and  of  withstanding  the  back 
bombardment  of  the  space  charge.  The  QKS1567  cold  cathode  and  bias 
electrode  will  be  built  according  to  the  latest  available  information  and 
techniques  in  order  to  provide  adequate  performance,  stable  operation, 
and  long  life. 

2.0  INTERACTION  SPACE  DESIGN 


2.  1  Design  Basis 


The  following  crossed-field  relationships  (linear  geometry) 
were  used  in  the  design  calculations: 

“  2 


Synchronous  Voltage:  Vq  =  238 


Characteristic  Current:  i  =  4800  x  10 
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where  dimensions  are  GHz,  inches,  degrees  and: 
p  =  circuit  pitch 

6  =  phase  shift/circuit  pitch 

d  =  anode -cathode  spacing 

N'  =  number  of  active  circuit  pitches 

Ha  =  active  circuit  height. 


The  choice  of  operating  voltage  is  a  compromise  between  the 
relative  ease  of  obtaining  stable  dc-bias  self-modulation  with  low  voltage, 
and  the  reduced  cathode  current  demand  gained  through  high  voltage 
operation.  An  operating  voltage  (E^)  of  30  kV  was  considered  reasonable, 
and  a  low  Ej^/Vq  ratio  of  about  6  was  chosen  to  facilitate  stable  operation 
of  the  bias  electrode. 

The  number  of  active  sections  (N1)  was  chosen  as  65  to  achieve 
a  satisfactory  balance  between  high  anode  dissipation  area  and  the  effects 
of  circuit  attenuation. 

2.  2  Design  Parameters 


The  following  table  contains  the  design  parameters  and  dimen¬ 
sions  which  have  been  established  for  the  first  QKS1567  tube  model: 


Parameter 


Center  Frequency 
Synchronous  Voltage 
Characteristic  Field 
Operating  Voltage 
Operating  Field 
Magnetic  Field  Ratio 
Anode  Interaction  Diameter 
No.  of  Active  Sections 
Anode  Circuit  Pitch 
Anode  Vane  Diameter 
Diameter  of  Vane  Coolant 
Passages 


Symbol 

Value 

Units 

Fo 

5675 

GHz 

Vo 

4970 

volts 

B0 

965 

Gauss 

Eb 

31 

kV 

B 

3500 

gauss 

B/B0 

3.63 

— 

Da 

2.  400 

in. 

N' 

65 

— 

P 

0. 0966 

in. 

Dv 

0.  070 

in. 

dv 

0.  040 

in. 
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3.0  ANODE  CIRCUIT  DEVELOPMENT 


Work  was  undertaken  to  determine  the  advantages  of  a  new  high- 
dissipation  slow  wave  circuit  for  the  QKS1567  forward-wave  crossed-field 
amplifier  anode.  The  main  goal  was  to  develop  a  forward-wave  circuit 
whose  mechanical  and  electrical  characteristics  would  be  comparable  to 
the  SSML  circuit  used  in  the  QKS1480*  anode  but  with  its  active  area  and 
dissipation  capability  increased  by  a  factor  of  2,  if  possible.  Initial 
development  of  this  circuit,  called  the  stub- supported  helix  line  (SSHL), 
was  completed  during  a  Raytheon  internal  development  project  in  1967. 

The  nature  of  the  new  circuit  is  described  briefly  below. 

In  Figure  3-la,  a  simple,  unloaded  bar  structure  has  almost  no 
bandwidth;  its  very  narrow  frequency  passband  lies  close  to  the  frequency 
where  the  bars  are  a  half-wavelength  long.  The  bars  can,  of  course, 
be  made  of  hollow  tubing,  well- suited  to  direct  liquid  cooling  and  high 
thermal  dissipation. 

Figure  3-lb,  shows  a  simple  helix,  like  that  used  in  traveling-wave 
tubes;  it  has  an  extremely  wide  passband,  from  dc  to  the  frequency  where 
the  helix  perimeter  is  a  half  wavelength.  The  helix  is  not  normally 
capable  of  high  power  dissipation.  In  Figure  3-lc  the  bar  circuit  and  the 
helix  circuit  are  combined,  resulting  in  a  circuit  which  has  both  high 
thermal  dissipation  capability  and  the  required  cold  passband  of  approximately 
half  an  octave  for  an  operating  band  of  10%.  The  bars  of  the  circuit 
support  the  helix  approximately  one-quarter  wavelength  above  the  ground 
plane  and  can  be  considered  quarter-wave  stubs  -  hence  the  name  14  stub - 
supported  helix  line." 

The  initial  SSHL  cold  test  models  are  shown  in  Figure  3-2.  A 
liquid  cooling  scheme  for  the  circuit,  including  coolant  paths  through  the 
helix  turns,  is  shown  in  Figure  3-3.  This  circuit  approach  may  be  required 
for  the  QKS1567  anode  if  the  helix  turn's  cross-section  is  not  adequate 
to  carry  away  its  rf  losses.  Another  approach  under  study  is  the  use 
of  two  helices  instead  of  one  to  couple  the  bars,  avoiding  any  need  for 
direct  liquid  cooling  of  the  helix  turns  and/or  to  increase  the  circuit 
bandwidth  while  maintaining  maximum  active  circuit  height  (vane  length). 

The  dispersion  of  the  parallel  bar  structure  and  the  helix  of  Figure  3-2 
were  measured  separately.  The  helix  was  then  eutectic -brazed  to  the 
back  of  the  strip-like  bars  of  the  stub-support  structure.  Figure  3-4 
shows  the  dispersion  of  the  helix,  the  stub-support  structure,  and  the 
SSHL  circuit  formed  by  the  tight  coupling  of  the  two  together.  The  com¬ 
posite  circuit  has  a  dispersion  curve  of  the  desired  shape  and  approximately 
correct  slope  for  the  QKS1567  anode.  Circuit  cold  testing  will  be  continued 
to  establish  the  final  anode  circuit  dimensions  during  the  next  quarter. 

*MIT,  Lincoln  Laboratory,  P.  O.  C-466  for  C-Band  CFA  Feasibility 
Study. 
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Figure  3-2  Stub-Supported  Rectangular  Helix  (SSHL  No.  3) 
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DESIRED  DISPERSION 


barkw^vrf  d  height  °f  °‘  800  ln<  or  ereater  wil1  be  sought.  A  C-band 
si_' ^d' -wava  CFA  employing  65  anode  vanes  of  the  same  cross-sectional 
size  and  an  active  height  of  0.  800  in.  has  already  demonstrated  stable 

UmimTon1106  at  500  kW  peak'  12  kW  avera8e  without  encountering  a  power 

4.  0  QKS1567  ANODE  CONSTRUCTION  AND  COLD  TESTING 

ID  nmr'  anode  circuit  will  be  fabricated  from  0.  070  in.  OD  x  0.  040  in. 
tion  .n»r  COpper  tubing  with  molybdenum -copper  vane  tips  and  an  interac- 
wm  hfr  ,ne  Pltc‘:  of  °-  0966  inches-  Rectangular  helix  turn  sections 

di  ct  vTX6^  ka  8  °f  the  Vanes’  Liquid  coolant  will  be  carried 
thfckne.J  , n  ^i^  ^bdenum -copper  vane  tips  with  a  tentative  total  metal 

The  water l„'i  :  £ "  es  between  coolant  and  electron  impact  surface. 

J  coolant  flows  from  one  coolant  jacket  to  the  other  through  all 

are  «w?  ln  ?ara  ,lr,‘  '  The  lnput  and  output  connecting  ridge  waveguides 

need  for  dfre°rUtgh  ^  hava.  sufficient  cross-sectional  areas  to  obviate8  the 
need  lor  direct  water  cooling. 

hra,  feVw  al  samPle  an°de  vane  subassemblies  have  been  successfully 
brazed.  Means  were  devised  to  permit  the  repeatable  fabrication  of 
accurate  subassembhes  required  for  good  helix  uniformity.  The  brazing 
j-  JT10  Y  enufn  vane  tips  to  an  all-copper  vane  subassembly  created 

o  t  na°^r°  TrS  Wh^H  WU1  be  0verc0me  bV  Ganges  in  the  design 
oi  the  parts.  The  use  of  a  copper  tube  vane  assembly  will  obviate  the  need 

to  use  deionized  water  for  anode  cooling,  at  least  during  test  operation. 

-  t  jC°ldi  tCSt  data  Uslng  sample  vane  subassemblies  soft-soldered  into 
cylindrical  support  rings  were  taken  to  establish  the  adequacy  of  the 
dispersion  curve,  bandwidth,  and  interaction  impedance.  Dispersion  and 
mpedance  piots  are  shown  in  Figure  4-1  and  4-2  respectively.  With  the 

fo  tha7ifrM^^?MT T'  SueleCted’  the  SSHL  cold  circuit  bandwidth  is  similar 
Sa  *  the  (stub-supported  meander  line).  Bandwidth  is  related 

e  slope  of  the  u-0  curve  or  the  frequency  range  covered  for  a  given 
“™‘0  circuit  phase  shift  variation.  Although  the  interaction  impedance 
“  °  ,by  t  factor  of  approximately  3  than  that  of  a  0.400  in.  high  SSML 
de*  lt  153  believed  sufficient  to  provide  operation  with  10  to  13  dB  gain 
over  the  required  1 0%  bandwidth.  ® 

A  plot  of  the  impedance  match  of  this  cold  test  circuit  to  waveguide 
via  an  exponentially  tapered-ridge  waveguide  transition  section  is  shown 

from^^GH^f  Preliminary  impedance  match  was  obtained 

from  4.5  GHz  to  6.5  GHz,  with  the  reflection  coefficient  less  than  30%. 

ThVf  \nput  and  °.utPut  waveguide  are  in  a  straight  line  at  right  angles 
to  the  high  voltage  bushing.  Alternate  positioning  of  the  rf  input  -  output 
waveguide,  making  it  parallel  to  the  tube  axis,  would  be  possible  without 
any  major  impedance  re-matching  work. 
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Figure  4-3  QK1567  Impedance  Match  -  Cold  Test  Circuit 


The  resonances  encountered  on  CFA  hot  test  normally  lie  above  the 
operating  frequency  range,  usually  near  180°  phase  shift  (pi-mode).  A 
second  passband  (backward-wave)  is  present  in  the  SSHL  circuit.  A 
stopband  between  the  first  and  second  passbands  appears  to  provide 
separation  to  prevent  interference  from  the  upper  pi-mode 
(Figure  4-1);  the  lower  pi-mode  is  favorably  situated  to  minimize  lower 
voltage  mode  operation. 

5.0  MAGNETIC  CIRCUIT 

A  computerized  check  has  been  obtained  of  the  magnetic  field 
uniformity  provided  by  the  proposed  pole  piece  geometry.  Axial  varia¬ 
tions  of  5.  6%  and  3.  6%  were  computed  for  the  anode  and  cathode  surfaces 
respectively.  Radial  variations  of  0,  4%  and  4%  were  computed  for  the 
anode  and  cathode  respectively. 

Actual  magnetic  field  measurements  will  be  performed  shortly. 
Should  any  pole  piece  design  modification  be  necessary,  it  is  expected 
to  be  a  minor  one. 


6.0  SUMMARY 


The  basic  mechanical  design  of  the  entire  tube  has  been  established. 
Most  parts  have  been  detailed  and  all  long-lead  items  have  been  ordered. 
Preliminary  anode  and  cathode  subassemblies  have  been  started  to 
aid  resolution  of  major  mechanical  and  electrical  problems  at  an  early 
date. 


Cold  test  results  on  a  sample  cylindrical  test  anode  have  been 
encouraging  to  date.  Continued  impedance  matching  effort  is  expected 
to  produce  results  yielding  a  voltage  reflection  coefficient  of  less  than 
20%  from  4.  5  GHz  to  6.  5  GHz. 

7.0  PLANS  FOR  THE  NEXT  PERIOD 

1.  Complete  design  of  initial  cathode-bias  electrode  assemblies. 

2.  Continue  construction  of  first  hot  test  anode  assembly. 

3.  Improve  impedance  match  of  anode -to-waveguide  couplers. 

4.  Confirm  magnetic  field  uniformity  with  flux  measurements 
on  a  dummy  pole  assembly. 


10  - 


UNCLASS  IF  IE  D 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

*7  i'<'t«Hon  oMiili  body  ot  abstract  and  induing  annotation  mull  ba  amend  whan  Ihi  ovatall  upon  it  cla,,il,oJi 

ff"fiWT,Ne  ^CTI^V  (Co rporq/c  *..,hn7 - - - -  I,  ■  - - . - - 

Raytheon  Company  2*  F  CA  Tl°" 

Microwave  and  Power  Tube  Division  _ _ 

Waltham,  Mass.  02154  **>  GROUP 


3  HEPORT  TITLfi  '  — — - -  —  .  I - - - 

SECOND  SOURCE  FOR  CROSSED -FIELD  AMPLIFIER  QKS1567  C  -BAND  SELF- 

MODULATED  FORWARD-WAVE  AMPLIFIER 

T vf  *Cc'VPtT'^  n°tcs  LTypm  0/  -“57^ - — - 

First  Interim  Report  for  perrod  28  February  -  28  June  1968 

5  AUTHOR,' ’S)  (Laat  nama.  Ural  natr.a,  Initial)  ~ - - - — . _ 

Peter  Laurendeau 
Richard  Handy 


*  REPO  RT  DATE 

3  September  1968 


0*  CONTRACT  or  grant  no  *  - -  — — 

F30602 -68-C  -029i  *“  ORIGINATOR'*  report  numiir^ 

*>•  PROJECT  no.  PT-1956 

Program  Code  No.  7E30 

ARPA  Order  No.  513  **  %la*!£>'ZFOHr  NOf,;  (Any  —v  b.  a.a^ad 

_d_ _ RADC-TR- 68-430 

»0  A  V  A  IL  AsIlITY/LIMITATION  NOTICE!  - - - - - - - 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments,  foreign  nationals  or  representatives  thereto  may  be  made 
_only  with  prior  approval  of  RADC  (EMATEL  GAFR.  N.  Y.  13440 

t  t  SUPPLEMENTARY  NOTEI  Monitored  by  I  »«.  SPONSORING  MILITARY  ACT.V.TY  - 

Rome  Air  Development  Center  (EMATE)  Advanced  Research  Projects  Agency 
Gnffiss  Air  Force  Base,  New  York  Washington,  D.  C.  20301 
, _  13340 _ 

13  ABSTRACT  /  ~~~  - - - - — 

The  main  objective  of  this  program  is  to  develop  a  self-modulated  forward- 

Zh  l>S!(K  1  umpU£ie,r  at  C'Band  with  higher  peak  and  average  power 
capability  than  has  been  realized  in  the  past.  Tube  performance  objectives 

with  10V  '  V  ave^a?«'  50  microseconds  pulse  duration  in  C-Band 

for Ha  U  r  H °T  ba"dwldfh-  Dur]n«  ‘his  report  period,  design  approaches 
for  a  large  directly  liquid-cooled  anode  circuit  were  examined,  and  devel- 

™  ,  f  ClrCUit  WaS  initiated-  Sample  vane  assemblies  for  the  initial 

operating  model  were  successfully  fabricated  and  preliminary  cold  test  data 
were  obtained. 


total  no  op  rages 
10 


7b  NO  Ol 


DD 


1473 


UNCLASSIFIED 


Security  Classt fication 


UNCLASSIFIED 


Security  Classification 


LINK  A 


LINK  • 


£rossed-field  ampiifier 

QKS1567 
C  -Band 

Self-modulated  forward-wave  amplifier 
Stub-supported  helix  line  circuit 


*  SSS^£SSSL  g-- 

Re,,f,c».d  Data  i.  included  Marking  i.  to  be  in  m-cold- 
ante  with  appropriate  aacurity  regulations.  (3j 

r«eMv«*?20n  IftAut®m«lcJ°wn«radinf  ia  specified  in  DoD  Di- 
raciiva  5200. 10  and  Armed  Forcaa  Induatrial  Manual.  Enter 

tlie  group  numbar.  Alao,  when  applicable,  show  that  ontinnat 
markings  have  baen  uaed  for  Group  3  and  Group  4  aa  authw-  (4) 

3’  En#,r  the  complete  report  titla  in  all 

capital  lattera.  Titlaa  in  all  caaaa  should  ba  unclaeaified 
If  a  meaningful  titla  cannot  be  aelectad  without  claaaificfr 

•  °n*  claasification  in  all  capitals  in  parenthaaia  (5) 

immediately  following  the  title.  paramnesia  W 

r4fm!!|ES.CRIPT!V^  NOTES:  If  appropriate,  entar  the  type  of 
report,  e.g.,  interim,  prograaa,  aummuy,  annual,  or  final. 

covered  ,nC‘"alV*  datM  wh#n  *  *•«*«*  reporting  p.riod  1. 

or  in  tM>^eoort)  E ' V nm™m]  of  •utho,<«>  aa  ahown  on  7*  ' 

or  in  the  report.  Entei  last  name,  firat  nama,  middle  initial.  . 

If  military,  show  rank  end  branch  of  aervice.  The  name  of  tory  notl 

ne  principal  ><thor  is  an  abaoluta  minimum  requirement,  12.  SPO 

6.  REPORT  DATE:  Enter  the  date  of  tha  report  aa  day,  *h* 

month,  yesr;  or  month,  year.  If  more  than  one  date  eppaara  tor)  t 

on  the  report,  use  date  of  publication.  13.  ^BS 

7*  7P7AL  NUMBER  OF  PAGES:  The  total  page  count  Minmery 

should  follow  normal  pagination  procedures,  La.,  entar  tha  “  mBy  •* 

numher  of  paged  containing  information.  Port.  If  i 

7 b:  NUMUER  OF  REFERENCES  Enter  the  total  numbar  of  * 
references  cited  in  the  report.  It  is 

.“he  aS!1  T-b.AeCT  7  °“.  Af*  NUMBER:  ,f  enter  Jn  IS£ 

the  report  w^  wriiiea  COn'"Cl  *  ,rMt  ^  Wh,ch  tormnlon 

86.  *.  fl.  8 d.  PROJECT  NUMBER:  Enter  tha  appropriata  ever ,^7 

n  ilit ary  department  identification,  auch  aa  project  number 

subproject  number,  system  numbers,  tssk  number,  ate.  '  14.  KEY 

ORIGINATOR'S  REPORT  NUMBER(S):  Enter  the  offi- 
c r,-Port  number  by  which  tha  document  will  be  identified  seleMd‘1 
.,nd  controlled  by  the  originating  activity.  This  number  must  fier.  !uc! 

bo  unique  to  this  report.  11  ,ucl 

„  project  co 

°h-  OTIIFR  REPORT  NUMBER(S):  If  the  report  has  been  words  but 

issipnod  .iny  other  report  numbers  (either  by  the  or/g/na.V-  text.  The 

or  hy  the  sponsor),  also  enter  this  number(s). 

10.  A V All, AFHLITY/L IMITATION  NOTICES:  Enter  any  lim¬ 
itations  „n  luri her  dissemination  of  the  report,  other  than  those 


£ST3  by  •“"i,y  u,ln€  .t.ivl.rd 

dSS"’"  ""  «*•••  " 

<3>  - — 

{3)  "U.  S.  Government  sgenciea.may  obtain  copies  of 

0,h- **■“««'<  doc 

_  II 

(4)  5  J?illt?ry  ■fonciaa  may  obtain  copiaa  of  thia 
report  directly  from  DDC  Other  qualified  uaars 
shall  requeat  through 

—  ■  •  I 

(5)  j'rtVi  n^ibu,lon  ot  thU  r*port  *•  controlled.  Qual- 
ifia  DDC  uaera  ahall  request  through 

—  ■  _  II 

^ M s 

-  V  th*  [•port  hl#  haen  furnished  to  tha  Office  of  Technical 

c.,:lc,s  ssi ,o  ,h* 

tory  ^LEMENTARY  NOTES:  U-  tor  additional  expl.ns- 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
^  tSXS^  ^ojoct  office  or  laboratory  sponso  rinf7p.7 
tor)  the  research  and  development  Include  sddraae. 

aumn^!!?Tr*rt.C^:  E"t"r  *"  ■b#,r,ct  Saving  a  brief  snd  fsctual 
ft  m.v  7t  f  *  docu!"*nt  indicative  of  tha  report,  eveB  ,h0ueh 
portVsd^.V  •lMwh*~  i"  of  the  techmcil  re* 

belttaihad  *P*C*  r*'»u,r#d'  ■  continuation  sheet  shall 

.  lt  h*«h,y  de«‘«t>le  that  the  abatract  of  classified 

rr 

formation  in  the  paragraph,  repreaented  as  fru,  (S),  (C)  or  (V) 

«..1srjmrKS  H°- 

l.'il.c -Id  lo *»  r*Pof*'  K.y  word.  m;,i  be 
fiVr*  d  u  h  *  r°  secur"y  classification  is  required  Identi¬ 
fiers,  such  as  equipment  model  designstion  trade  nam.  ,u. 

52tcl  “**•  ' “»•,  ftfogrsphic  loc.tJTn  m^.  'SfZXfc  key  ^ 
words  but  will  be  followed  by  an  indication  of  technics"  con- 
text.  The  assignment  of  links,  rules,  and  weights  is  "pnor". 


UNCLASSIFIED 


Security  Classification 


